Main Text:
The recent tragedy in Newtown, CT has triggered a new wave of heated and emotional debates, which have gradually given way to a political struggle in a contentious national dialogue on gun control in the United States. Arguments for and against gun control are basically polarized at two opposite ends of a broad spectrum: personal liberties and the invocation of threats to the Second Amendment on one side and the presence of guns in the home, safety and firearm injury protection on the other side. Gun laws vary widely from country to country, where some countries try to restrict the sales of highly destructive weapons, and other countries try to restrict the sales of all types of weapons. Within this second group, Brazil has recently carried out a referendum regarding the prohibition of firearm commerce (FC). FC propaganda arguments (PA), similar to the present discussion in the United States, has invoked socially and personally driven issues for the promotion of voting in favor of (Yes) and against (No) firearm control, respectively. Rocha et al. (1) employed EEG technology to study voting intention one week prior to Election Day and showed that brain activity differed for a "Yes" and "No" response. "Yes" voters recruited neural circuits that have been previously described (2) in the Theory of Mind (ToM), which is involved in mentalizing third party intentions; thus, it is important in the analyses of social issues. In contrast, "No" voters recruited neural circuits that have been shown to be involved with self-awareness and self-related processing (3) (4) (5) . In our study, we asked 1136 people to complete a poll opinion questionnaire (PQ) to evaluate how much they agreed with the PA, how much PA justified the referendum and how much the PA would influence their vote. In addition, 32 randomly selected individuals had their EEG recorded during their PQ responses. We used Loreta technology (6) and PCA analysis (1) to study 3 different EEG epochs of 2 seconds prior to the moments when the truth (T), justification (J) and influence (J) evaluations were decided. This study aimed to provide information for a better understanding of the cerebral dynamics of individual judgment regarding socially important issues, such as firearm control.
The results obtained from the PQ analysis are shown in Table 1 . All of the voters considered half of the "Yes" arguments (YA) and 76% of the "No" arguments (NA) as true. The PA was assumed to not justify the FC by more than 75% of the individuals, and more than 64% of responders declared that this would not influence their vote. The data did not significantly change if the Yes and No voters were considered separately. These results showed that people were more convinced of the NA and coherently assumed that the PA did not justify the FC. The majority of voters declared that their voting decision would be determined by other reasons than those proposed by the PA. This was a remarkable finding because it shows that the voting decision was guided by reasons other than those that are usually discussed in a debate when any form of gun control gains national attention. The analysis of the EEGs recorded during the PQ responses shed some light on this subject. The main results of the EEG analysis for the T, J and I epochs are shown in Figure 1 . Grand averages (graph A in T) for T epoch case were clearly different between YA and NA with 40 and 70 significant moments (z-score greater than 1.961), respectively (see Figure S1 ). These differences resulted in two distinct sets of Loreta sources with different temporal distributions (graph B in T and Supplementary Figure  1) . Grand averages for J epoch were also clearly different between YA and NA with 50 and 80 significant moments (graph A in J), respectively. These differences also resulted in two distinct LS sets with different temporal distributions (graph B in J and Supplementary Figure 2 ). In the same way, grand averages for J epoch were also clearly different between YA and NA with 50 and 80 significant moments (graph A in I), respectively. These differences also resulted in two distinct LS sets with different temporal distributions (graph B in I and Supplementary Figure 3) . Figure 2 shows Loreta sources spatial locations that differed for YA (blue dots) and Na (red dots) arguments in case of truth (T), justification (J) and influence (I) evaluations. Mappings in CS, show the spatial locations for those sources that are located at the same Brodmann Area and anatomical location in case of both YA and Na. CS mappings show, therefore, that YA and NA sources are in general are located at different places of the same brain area. Mappings in DS show the spatial locations for those sources that are located at the different Brodmann Areas and/or anatomical locations in case of YA and Na. DS mappings show, therefore, sources that are specifically activated by YA (dYA) or Na (dNA).
In addition, s set of 13 LSs were uniquely associated with YA (dYA) truth evaluation whereas another set of 7 other LSs were uniquely associated with NA (dYA) truth evaluation (Figure 2 T B) . In the same way, a set of 17 LSs were uniquely associated with YA (dYA) justification evaluation whereas another set of 6 other LSs were uniquely associated with NA (dYA) justification evaluation (Figure 2 J B) . Finally, , a set of 5 LSs were uniquely associated with YA (dYA) influence evaluation whereas another set of 6 other LSs were uniquely associated with NA (dYA) influence evaluation ( Figure 2 Figure S1 ) and encoded according to Table S4 .
Because both YA and NA sets of sources and distributions were different for T, J and I judgments, the PCA mappings ( Figure 3 and evaluations. In M, PCA mappings showing patterns (P 1 ) in a range of green to dark blue, (P 2 ) in yellow and brown and (P 3 ) in rose to dark red, were generated for factor loadings greater than 0.65 in Table S5 . In L, Loreta souce location suppersimposed over each corresponding PCA mapping. These findings clearly showed that different neural circuits were recruited by the same individual to analyze both the YA and NA, irrespective of their voting intention regarding the prohibition of firearm commerce. YA analysis recruited a larger LS compared to NA, potentially indicating that YA evaluation required reasoning that was more complex than that required by NA. YA also differed from NA mappings for the T, J and I epochs, highlighting that the LS temporal distribution was different for both types of arguments. In addition, the YA P 3 pattern was very similar to pattern P1, which was previously described by Rocha et al. (1) to be associated with Yes voting in FC. In contrast, the NA pattern P 3 for J and I was very similar to P1, which was associated with No voting. These authors proposed a voting P1 pattern that was associated with the activity of socially driven reasoning in the case of Yes-voters and self-centered reasoning in the case of No-voters.
YA arguments were socially driven, which was typical for arguments in favor of any gun control in a variety of societies. ToM refers to the ability to attribute mental states to others and the ability to infer the emotional experiences of others (empathy), which are important processes in social cognition. Brain imaging studies in healthy subjects have described a brain system involving the medial prefrontal cortex, inferior frontal gyrus (IFG), superior temporal sulcus and temporal pole in ToM processing (2, 7) . In addition, the role of IFG in ToM circuits has been thought to block self-centered reasoning (3 ,5, 8, 9) , and 3 different locations in IFG have been identified using Loreta Analysis. All of these areas are among those dYA sources discriminating between YA from NA ( Figure 1D and Table S8 ). Taken together, these results corroborate the hypothesis that socially driven neural circuits are important for establishing the veracity of YA.
In contrast with the above findings, NA arguments were self-interest driven, which is typical of arguments against any gun control in a variety of societies. We know others as outside speakers, visual images and recognized actors stored in our retrospective memory. Our own selves are identified by inner speech, somesthetic imagery, actions and episodic/autobiographic memories. The superior frontal and lingual gyrus have been reported (10-13) as important structures associated with selfintended actions. The precuneus is a structure considered as a hub connecting the parietal and prefrontal regions (14) , and thereby plays an important role in various functions, including retrospective, episodic and autobiographic memories (2) and self reasoning (2, 5, 8) . All of these areas are among those dNA sources discriminating between YA from NA in the T and J epochs (Figures 1D and Table S8 ). Many of the NA discriminating sources (dNA) are located in the superior frontal and lingual regions as well as in the precuneus, supporting the hypothesis that self-related circuits are important in establishing NA truth. The precuneus is also among the structures where dYA sources were located; however, these sources were located in Brodmann area 7 and 19 in the YA and NA cases, respectively. Furthermore, in the rectal gyrus, which is one of the regions where the dNA sources were located, we proposed that it is involved in evaluating the degree of NA truth. These results corroborated the hypothesis that selfinterest driven neural circuits are important for establishing the veracity of NA.
Another important contrast between neural circuits involved in NA and YA analysis is the constant pattern P 3 for YA during all of the EEG epochs and the distinction between the NA P 3 during the T epoch from those occurring during the J and I epochs. This difference may be potentially explained by the fact that the YA truth evaluation was nearly a random finding in the analyzed population, while the NA truth evaluation was predominant in the same population. It may be proposed that being considered true (T epoch), NA logically implied that the FC was not justified (J epoch). Thus, different neural circuits would be recruited during these two EEG epochs for the NA analysis. In contrast, half of the voters considered YA as true, but 75% of the voters believed that the YA did not justify FC. Thus, the socially driven circuits needed to remain activated during the J epoch to further evaluate this question. Interestingly, this evaluation required the recruitment of the orbital gyrus, a well known structure involved in person comparison in ToM (15) .
A logical consequence of the results displayed in Table 1 is that a significant majority of both the Yes and No voters believed that neither the YA nor NA influenced their voting decisions. Thus, in their voting decision response, the subjects likely accessed their memory to recall specific arguments that actually influenced their votes rather than logically reasoning the propaganda arguments. The brain activity differences between the YA and NA in Figure 3 appears to support this hypothesis because the PCA mapping indicated that different memories were activated and the Loreta sources discriminated between the analysis of the two types or arguments. Consistent with this reasoning, the evaluation of the justification and influence, such as in the NA case, implied recall of the individual reasoning that actually influenced his/her votingdecision, resulting in the similarity between the NA-PCA mappings observed in Figures  2 and 3 . By the same token, the similarity between the YA P3 mappings in Figures 2 and 3 may be interpreted as the dependency of the YA influence evaluation on the recall of the individual reasoning that actually influenced his/her voting decision.
The present results clearly showed that the voting decision in the case of Brazilian Firearm Commerce Referendum was not influenced by arguments that were introduced by propaganda, which were typically driven by specific social and selfinterest motives. However, the same results showed that very distinctly different neural circuits were involved in the analysis of the YA and NA, as shown in this study, which supports the voting decision as reported by Rocha et al. (1) . The NA analysis and No voting decision were associated with the activation of self-interest-driven circuits, whereas the YA analysis and Yes voting decision were associated with the activation of socially driven circuits. Thus, it is possible to conclude that the final decision regarding gun control is dependent on the balance between the activities of these two types of neural circuits, which are determined by reasons other than that typically discussed, but are deeply engrained in the biology of self-interest-driven circuits, and by society in socially driven circuits.
It is expected that the current debate about gun control will continue to linger for a long time. A deeper understanding on the complex relationship between social determinants and the neurological bases of decision-making may be helpful in clarifying the remaining issues involved in this subject.
Supplementary Materials

Materials and Methods:
Poll opinion. A total of 1136 people living in the Great São Paulo area, a region inhabited by approximately 16 million people during the week that preceded the National Fire Arm Referendum, answered a poll opinion questionnaire about voting intention and propaganda arguments in favor (Y) and against (N) firearm commerce prohibition. Table S1 provides information on the sample population.
The questionnaire shown in Table S2 
1) Less than R$ 800 2) Between R$ 800 and R$ 1200 3) Greater than R$ 1200
PCA analysis confirmed the distinction between Y and N arguments because responses to the poll questions were divided into distinct components, as shown in Table 3 . (Table Y) were selected to have their EEG recorded (electrodes were placed according to the 10/20 system with an impedance of less than 10 kohm; low bandpass filter (50 Hz); a sampling rate of 256 Hz and 10 bit resolution, and ear lobe reference) while responding to the PQ. The EEG was visually inspected for artifacts prior to its processing, and the events associated with a poor EEG (e.g., when eye movements could compromise the results of the regression analysis) were discarded.
Two networked personal computers were used in the present study: one for the EEG recording and the other to sequentially display the different arguments in Table 1 t . The value of ∆ was set as 2 seconds to ensure the volunteers were allowed sufficient time to reason and to make a decision that did not compromise our analysis.
Low Resolution Electromagnetic Tomography (Loreta), which was developed by Pascual-Marqui (6), was used to localize the potential EEG source generators l s . The corresponding T, J and I EEG epochs were averaged for each electrode into different files according to each argument type (Y or N), which generated the EEG averaged files T Y and T N ; J Y and J N ; and I Y and I N ; respectively. Each of these files consisted of the corresponding EEG averages that were calculated for each of the 20 electrodes used to record the associated electrical activity for each decision epoch. A grand average was calculated for each of these files, and the corresponding z-score determined the EEG times that were statistically significant for the Loreta Analysis. Only those EEG moments with a z-score greater than 1.961 (5% significance level) were selected for this analysis (Figure 1 ). Only the areas showing the best match for each selected EEG moment was assumed as potential EEG source generators l s . Loreta analyses provided anatomical information and the Brodmann area number to localize the source of the EEG activity that was recorded at each selected time. These pieces of information were used to encode the source generator, as shown in Table S4 , and this information is displayed in the text in Figures 1, 2 and 3 , because different sources may be located in the same Brodmann area. The Pearson correlation R is +1 in the case of a perfect positive (increasing) linear relationship (correlation), −1 in the case of a perfect decreasing (negative) linear relationship (anticorrelation), and some value between −1 and 1 in all other cases, indicating the degree of linear dependence between the variables. As the value approaches zero, there is less of a relationship (closer to uncorrelated). The closer the coefficient is to either −1 or 1, the stronger the correlation between the variables. The correlation strength r is, the more it is equal to R . Principal Component Analysis (PCA) is a statistical tool for investigating patterns of covariation in a large number of variables and for determining if information may be condensed into small sets of these variables called principal components. This transformation is defined in such a way that the first principal component is the one that accounts for as much of the variability in the data as possible, and each succeeding component in turn explain the subsequent amount of variance possible under the constraint that it be orthogonal to (i.e., uncorrelated with) the preceding components. Factorial mappings are proposed to represent the activity of the neural circuits enrolled in a cognitive task because they condensed the information provided by the electrodes sampling this neural activity. In this context, factorial analysis did not map brain areas that were activated by a cognitive task but provided information to disclose the activity of circuits composed by neurons distributed on different areas of the brain recruited by the cognitive task because 
